There have been numerous attempts to prolong the life of suprarenalectomiaed animals by the use of epinephrin, extracts of whole gland and of cortex, all of which have yielded doubtful or negative results.
ratory in order to evaluate any possible effects of the substances administered. As a result of our experience we believe that death with rare exceptions occurring within 48 hours after double suprarenalectomy at one operation may It is therefore be regarded unnecessary as to due to trauma, shock and bad after-care. review the literature since, in most of the experiments reported, death occurred within 24 hours.
There are, however, a few reports which should be mentioned. In Elliott's (2) series of 21 cats in which both ,glands were removed at one operation, 19 survived less than 48 hours.
The other two lived 9 and 10 days respectively.
In another series of 25 cats in which Elliott removed the suprarenals in two stages, the duration of life was longer.
Marshall and Davis' (3) cats survived double suprarenalectomy (done in two stages) on an average of about 3.5 days, while 5 of the 16 lived from 5 to 7 days. His animals were subjected to manipulations necessary for the experiments being made and their lives were probably shortened because of this.
Hartman's (4) series of 17 cats in which attempts were made to prolong life by the injection of epinephrin and of extracts of the suprarenal cortex lived on an average of 50 hours, while 22 other suprarenalectomized cats in which he injected salt solution extracts of the cortex lived on an average of about 6 days. OPERATIVE TECHNIQUE, FEEDING AND AFTER-CARE.
All animals were operated upon 15 or more hours after the last feeding. Anesthesia was started with chloroform under a bell jar. When the animal showed the first sign of relaxation it was quickly removed and the administration of ether begun by the open method.
An area roughly 7 X 12 cm. was shaved c in the midline of the back with its center at the level of the upper poles of the kidneys.
The shaved area was cleansed with soap and warm water, washed with l-1000 bichloride solution, 95 per cent alcohol and then painted with a 2 per cent solution of mercurochrome.
A longitudinal skin incision about 8 cm. in length is made in the midline. The animal is rotated slightly to the left side, the skin retracted and an incision roughly parallel with the last rib about 4 cm. in length is made through the quadratus and oblique muscles. .toneal tissues above the right kidney retroperi This incision exposes the without opening the perigently retracted ventrally inserted which exposes the with the finger right suprarenal toneum.
The peritoneum is and a self-retaining retractor gland.
(A pad of one or two folded towels inserted under the upper part of the animal's abdomen brings the suprarenal nearer the surface.)
The right lumbar vein is divided between hemostats and its distal end ligated. The proximal end is used to steady and retract the gland during its isolation by blunt dissection.
The pedicle is ligated with stout silk. Then with a little traction one can readily cut the pedicle close to the gland. The muscle wound is closedeat once with silk sutures.
The animal is then rotated slight'ly to t,he right side. The skin is retract,ed on tIhe left and a left muscle incision is made similar to that on the right. The left lumbar vein is clamped and divided and itIs distal end ligated.
The gland is isolated, ligated and removed and the muscle incision closed exactly as on the right. The median skin incision is then closed eit,her with int,errupted or continuous or with a combination of interrupted and continuous sutures, care being taken to anchor the skin to the muscle fascia near the middle of the incision.
The wound is then covered with squeezed-out bichloride sponges and a protective bandage is applied.
With a skilled assistant and a good anest)hetist, t'he whole operative procedure from beginning the chloroform anest'hesia to placing t'he animal in its cage usually requires between 25 and 30 minutes, the difference depending largely on the amount of fat surrounding t'he suprarenal glands, which factor largely determines the time required for isolation.
The peritoneum on the ventral surface of each gland is necessarily torn in isolating them for ligation.
Occasionally a small opening in the peritoneum may be made by extending the muscle incision too far forward, otherwise the operation is entirely extraperitoneal.
All the operatIions reported in t,his paper were clone by the same operator, assistant and snesthetist.
After operation the animals are placed in cages, well bedded with clean straw and in warm rooms.
Nothing but watler is given during the first 24 hours.
Then a cup of fresh milk a!nd a dish containing finely chopped lean meat or liver and some canned salmon are given. This constitutes the daily diet,. Double suprarenalectomy was performed on 30 cats to serve as controls.
The operations were scattered throughout the three year period and we believe the results give a fair cross section or average of tlhe stock of cats used, of any seasonal influence and of any possible variation in operative procedure.
Of the 30 cats set apart for controls, 12 have been excluded because of the following complications: 5 were in various stages of pregnancy; 2 died within 12 hours of possible shock and trauma; 1 that lived 5 days was found at autopsy to have had its left renal vein nearly completely ligated; another died of acute bronchopneumonia aft'er 2.8 days and another living 2.8 days had congenital absence of the left kidney; another cat that survived suprarenalectomy 12.5 days was excluded because a large accessory suprarenal was found. A kitten that survived 22.3 days was also excluded, although no accessory was found, because the result was so out of line witlh the others of this series as well as with our experience with several hundred other suprbrenalectomized cats.
The 18 "uncomplicated" control cats lived 2.0, 2. In removing the thyroids care was taken to save the IIId parathyroids with their main blood vessels.
In three instances we were successful as verified at autopsy. These animals were kept on the same stock diet throughout except that for a few days following thyroidectomy calcium lactate was administered. These cats survived suprarenalectomy 5.0, 6.1 and 6.0 days respectively. They were sacrificed the day after they had stopped eating and would have Many extracts have been prepared for a study of their effects on metabolism but relatively few have been studied from the standpoint of prolongation of life. The details of the methods of preparation need not be discussed here. In all cases the extracts were sterilized by passing through Berkefeld filters.
An alkaline extract of the suprarenal cortex freed of most of its proteins whose reaction had been adjusted to pH 4.5 to 5.0, was injected twice daily into a suprarenalectomized cat. It lived 2.5 days and as it seemed definitely to shorten life no further attempts were made. A number of hydrochloric acid extracts of suprarenal cortex were made, The hydrochloric acid was neutralized with NaOH, which at the same time removed most of the proteins.
These extracts were in some instances concentrated under diminished pressure to a small volume and treated with 8 or 10 volumes of 99.8 per cent alcohol. The precipitate was centrifuged off and washed several times with alcohol and ether and when used was dissolved in 0.9 per cent sodium chloride solution. Some of these acid extracts were neutralized with sodium hydroxide, their reaction adjusted to pH 4.5, passed through Berkefeld filters and used directly, After excluding ten animals which at autopsy were found to be pregnant or in which accessorv sunrarenals were present or in which distemper, 0.9% NaCl 0.9% NaCl 0.9% NaCl 0.9% NaCl 0.9% NaCl 0.9% NaCl 0.9% NaCl 0.9% NaCl 0.9% NaCl + 0.01% NaHC03 0.9% NaCl + 0.01% NaHC03 0.9% NaCl + 0.01% NaHC03 0.9% NaCl + 0.01% NaHC03 0.9% NaCl + 0.01% NaHC03 0.9% NaCl + 0.01% NaHC03 0.9% NaCl + 0.01% NaHCOa 0.9% Nacl + 0.01% NaHCO3 The average duration of life of these cats was approximately 12 days, or more than twice as long as the untreated control animals. These results at first glance would seem to indicate a distinct prolongation of life by the use of cortical extracts, but as pointed out above all the acid extracts were injected with salt solution and the salt plus water may have influenced the blood concentration and increased the excretion of nitrogenous waste products bv diuresis.
" In order to decide whether it was the salt solution or the extract that prolonged life we studied a series of suprarenalectomized cats injected daily with 0.9 per cent salt solution intraperitoneally. In a few experiments 25 cc. of salt solution were injected intraperitoneally each morning and evening. In most of the experiments 50 cc. were injected once daily because of the possibility that the extra handling of the cats overbalanced the advantage of the more frequent injections of smaller amounts.
After excluding 14 of the experiments in which salt solution was injected, because of pregnancy, accessory suprarenals, distemper, pneumonia or other infection, there were 16 "uncomplicated" experiments, in 8 of which 50 cc. of 0.9 per cent sodium chloride solution alone was used, while the remaining 8 received the same amount of salt solution containing 0.01 per cent sodium bicarbonate. The data of these experiments are given in table 2.
The minimum survival period was 7.3 days and the maximum, 30.8 days. The mean and average were 14.5 and 15 days respectively, that is, about three times as long as the controls and distinctly longer than those injected with the various cortical extracts containing salt solution.
A particularly interesting animal (cat 112), although eliminated from the table because an accessory suprarenal weighing 0.026 gram was found at autopsy, is of sufficient interest to report in detail.
The protocol follows. Atony and distention of colon from impacted feces-all probably manifestations of the end stage of chronic suprarenal insufficiency.
This animal lived 112 days following suprarenalectomy. Three times during the course of the experiment salt solution injections were discontinued and each time the cat's condition became worse after varying intervals, as shown by the shedding of fur, the appearance of a nasal and conjunctival discharge and finally by anorexia and asthenia. When the salt solution injections were resumed she began to eat, became more active and the conjunctivitis cleared up. After discontinuing salt solution for the fourth time she went down rapidly. Further salt solution injections did not revive her. In this animal the well-known cycles of improvement and depression which follow sufficient suprarenal injury are greatly exaggerated, probably in part because of the function of the accessory suprarenal together with the administration of salt solution. It illustrates clearly that salt solution in one way or another can markedly prolong life after high grade suprarenal insufficiency and to a less extent after complete insufficiency.
These experiments eliminate the cortical extracts as having any important influence on the duration of life but do not indicate whether the prolongation of life was due to the sodium chloride or to the water or to their combined action.
We attempted to answer this question by injecting the same amount of salt solution in a smaller volume of water, namely, 10 cc. of a 4.5 per cent NaCl solution once daily.
This was carried out in 4 suprarenalectomized cats. The survival periods were 4.5, 4.5, 7.5 and 2.2 days respectively. The average survival period was 4.7 days and, therefore, shorter than that obtained in our control series.
These four experiments were considered sufficient to indicate that water plays a very important role in the prolongation of life. It may be asked why the next step was not the administration of water by stomach tube. We felt that more harm than.good would result because of the struggling that necessarily results from that procedure.
Suprarenalectomized animals are particularly sensitive to exertion because of the cardio-vascular asthenia and every precaution must be taken to prevent unnecessary cardiac strain.
THE EFFECT We have also found that plain Ringer's solution prolonged life about as well as salt solution.
Indeed, there was a possibility from our first experiments that it might be somewhat better than salt solution, and on account of this possibility we carried out additional experiments using Ringer's solution modified 1, by omitting sodium bicarbonate; 2, by omitting calcium chloride and sodium bicarbonate, and 3, by omitting potassium chloride and sodium bicarbonate.
enfortunately, during this series of experiments with Ringer's solution we had an outbreak of severe distemper and none of the results we feel are entirely free from this factor.
The results are tabulated below Of the 8 animals injected daily with 50 cc. of Ringer's solution, 4 were excluded because of pregnancy, accessory suprarenals and distemper. The remaining 4 we believe were also not entirely free from distemper.
Of the 13 cats injected with Ringer's solution minus sodium bicarbonate, 7 were excluded because they developed severe distemper a few days after operation and the 6 included were probably affected.
Of the 7 injected with Ringer's minus potassium chloride and sodium bicarbonate, 2 were excluded-one because of an accessory and the other because it was accidentally exposed to illuminating gas. Of the 15 injected with Ringer's solution minus calcium chloride and sodium bicarbonate, 5 were excluded. Of these, 2 were pregnant, 1 had an accessory, 1 had acute pneumonia and 1 was complicated by the shock and trauma of a difficult operation.
The variously modified Ringer's solutions gave results so nearly alike as far as can be judged from this crude method of analysis, that they may be treated as a single group.
In all, 43 animals were used, of which 25 have been included in the for duration of life are minimal since all were more or less exposed to a severe distemper epidemic.
The maximum and minimum duration of life after suprarenalectomy was 34.2 and 6.8 days respectively. The mean was 11.0 and the average, 13.1 days.
On the whole, these results are similar, though slightly lower than those obtained with salt solution and we feel that the favorable effect of Ringer's minus NaHC03
Ringer's minus NaHC03
Ringer's minus NaHC03 11.5
13.01
Ringer's minus NaHC03 and KC1 7.8 Ringer's minus NaHC03 and KC1 9.5 Ringer's minus NaHC03 and KC1
17.5
Ringer's minus NaHC03 and KC1 9.8 Ringer's minus NaHC03 and KC1 10.8 Ringer's minus NaHC03 and CaClz Ringer's solution is of the same nature as that caused by salt solution. The other salts in Ringer's solution appear to have no particular significance.
B. Sodium glycerol-phosphate. Since salt solution is clearly of great importance in prolonging the life of suprarenalectomized animals it seemed possible that in addition to its diuretic effects there might be some specific action either of the sodium or chlorine ions and in order to obtain some information on this point we first tried an isotonic sodium glycerol-phosphate solution.
This was made by neutralizing a commercial glycerol phosphoric acid solution with sodium hydroxide to pH-7 and diluting it. Fifty cubic centimeters of this solution were injected intraperitoneally each day. Of the 8 cats used, 2 were excluded because of pregnancy and one because an accessory suprarenal was found at autopsy. The results of the remaining 5 are summarized in table 4.
The maximum and minimum duration of life were 11~3 and 8.5 days respectively, while the mean and average were 10.5 and 10.2 days. The prolongation of life is about twice that of our controls, but distinctly below It is possible that the large amount of phosphate contained in 50 cc. of isotonic glycerolphosphate solution even though the phosphate is liberated gradually might have an injurious action.
C. Sodium acetate. Salts of sodium, other than sodium chloride, available for such injections are limited, and in order to extend the series as much as possible sodium acetate was tried.
It was realized that an injection of sodium acetate might tend to cause alkalosis.
Fifty cubic centimeters of an isotonic solution (1.2 per cent) were injected daily into 13 suprarenalectomized cats. Five of these have been excluded. Of these 5, 2 were pregnant, 2 died from pneumonia and 1 had wound infection. The remaining 8 while not entirely free from complications are given in Table 5 .
The maximum survival period was 20.1 days and the minimum was unusually low-Z.5 days.
We could ascertain no cause for death in this case other than acute suprarenal insufficiency and therefore have included it. This lowers the mean and average duration of life to 12.1 and 12.8 days respectively.
If the low result were excluded the average would be 14.3 days and in spite of the relatively few experiments we feel that 14.3 days is a fairer average than the actual one. The outcome is distinctly better than with sodium glycerol-phosphate and probably quite as good as with salt solution and Ringer's solution.
Chlorine, therefore, seems not to be an important factor in the prolongation of life, even though, as several authors have shown, the blood chlorides are reduced after suprarenalectomy. The relative importance of sodium and water in relation to the survival period was still undetermined.
It seemed possible that additional data A. Glucose. Twenty cubic centimeters of an isotonic solution of glucose were injected twice daily intraperitoneally into 10 cats. Two of these have been excluded, one because an accessory suprarenal was found at autopsy and the other because of pregnancy.
The remaining 8 are summarized in Table 6 . The maximum and minimum duration of life were 15.0 and 2.8 days respectively, while the mean and average were 6.4 and 7.1 days. B. Glycerol. Similar experiments were made with an isotonic solution of glycerol injected intraperitoneally in 20 cc. doses twice daily. Of the 6 cats used two were excluded, one because an accessory was found at autopsy and the other because of wound infection.
The remaining four lived 12.5, 6.5, 6.3 and 2.5 days respectively, an average of 6.9 days.
Glucose and glycerol solutions, therefore, appear to be of about equal value as regards prolongation of life. Life was prolonged on the average of about 2 days more than the controls but only about one-fourth that where salt solution was used.
DISCUSSION.
Of the 167 cats used in this study only 1001 were considered sufficiently free from possible complicating factors to be included in the tables of analysis.
Of the 66 excluded 20 were pregnant and 11 had accessory suprarenal glands verified by histological examination. This is a higher percentage of accessories than those given in the literature reports.
One of the most striking features of this study was that no animal in which accessories were not found lived longer than 34 days. This is in sharp contrast with rats and rabbits where, under our conditions, about 40 per cent of rabbits and 60 per cent of rats will survive more than a month in good condition.
The more frequent occurrence of accessory suprarenals in rabbits and rats we believe will not entirely explain the differences in the period of survival.
A factor of considerable importance in cats may be the difference in the diets which permits a greater retention of nitrogenous waste products normally excreted by the kidneys.
In addition to these factors there are ,in any given species (dog, cat, rat, rabbit) marked individual differences in the duration of life which cannot be fully accounted for on the basis of accessories, diet, tissue dehydration, infection, injury to the svmpathetic nervous system or to general trauma of L operation.
This difference, it seems to us, may depend in part variations in the amount of the suprarenal influence present in the on the various tissues at the time of operation and may be comparable to the variati .ons seen in the time of onset of tetany after parathyroidectomy or in the fall of metabolism after thyroidectomy.
Our control animals have lived on the average 5.3 days, which is considerably longer than any series previously reported.
This difference we ascribe entirely to the rapid, simple operation.
As regards the general behavior and final outcome after suprarenalectomy in cats our studies in general confirm those of others.
The most important observation concerns the effect of sodium salts and water in prolonging life. Others, notably Soddu (7), Marshal!, and Davis (3) on cats, and more recently Stewart and Rogoff (6) and Banting and Gairns (8) on dogs, have noticed this effect. Our series of 18 cats in which nothing but the routine diet was given lived on an average of 5.3 days, whereas 16 cats which received in addition 50 cc. of physiological salt solution daily lived on an average of 15.0 days; 25 which received 50 cc. of Ringer's solution daily lived on an average of 13.1 days; and 8 which received 50 cc. of a 1.2 per cent sodium acetate solution lived on an average of 12.8 days.
Of several possibilities which these data suggest, two may be discussed DAVID MARINE AND EMIL J. BAUMANN
here. Was the prolongation of life due mainly to the diuresis, or was there in addition some specific effect of the sodium ion? As pointed out, by Marshall and Davis and confirmed by all subsequent observers, there is a marked retention of nitrogenous waste products in the blood of suprarenalectomized cats which comes on early while the animal is in good condition, and is clearly not terminal.
In the cat there are also gross lesions in the kidneys which suggest that the retention is due to renal injury.
Our studies indicate that Ringer's solution has no advantage over physiological salt solution and these in turn are apparently no better than sodium acetate.
These observations indicate that chlorine is not an important factor even though there is regularly a decrease in blood chlorides after suprarenalectomy.
The same amount of sodium chloride given as a 4.5 per cent solution actually shortens life. This would indicate that water is indispensable and further supports the diuresis hypothesis of the cause of the prolongation of life since hypertonic salt solution by hastening dehydration reduces the animal's means of flushing out waste products through the kidney.
On the other hand an isotonic glucose solution, while it is an excellent diuretic, yet when given with the same amount of water as was given when physiological salt solution was used, fails to prolong life materially. Such solutions of glucose while amounting only to the administration of 2.7 grams of glucose daily may be injurious because they bring about a greater excretion of water than is compensated for by the amount given.
The possibility that sodium salts have a specific action due to the sodium ion must be considered.
The observations (9) of one of us who found a significant reduction in the blood sodium of cats after suprarenalectomy could be used in support of such a view.
On the other hand a loss of base accompanies both acidosis and diuresis, and the existence of acidosis after suprarenalectomy has recently been reported by Swingle and Eisenman (10) . Much work remains to be done before a final statement is possible regarding the role of diuresis alone or plus a specific action of sodium in the prolongation of life. Obviously water is necessary whether the prolongation of life is due to better renal function or to a specific action of sodium. The difficulties of giving water by stomach tube to suprarenalectomized cats are very great and in our experience life has been shortened because of the struggling. Nevertheless some means must be devised for accomplishing it in order either to eliminate or establish the importance of sodium as a specific factor in the prolongation of life. While the administration of various sodium salt solutions will prolong the life of suprarenalectomized controls, it is obvious that their cats about three times that of untreated action is only palliative. All our animals have ultimately died of typical suprarenal insufficiency. The obvious renal injury, the nitrogen retention, the tissue dehydrat(ion, the loss of blood chlorides and sodium, the hypersensitiveness to poisons, the lymphoid hyperplasia, the increased thyroid activity. the cardiovascular asthenia, the gastro-intestinal lesions, and many other manifestations of suprarenalectomy, all seem to be individual details of a more fundamental disturbance in nutrition in which the sympathetic nervous system is primarily concerned.
SUMMARY
The data of the 101 "uncomplicated" experiments used in this study are summarized in the following table: Control cats from which both suprarenals have been removed at one operation have survived on an average of 5.3 days. The administration of physiological salt solution, R*inger's solution and isotonic sodium acetate solution have increased the duration of life about 3 times that of controls. More concentrated solutions of sodium chloride definitely shorten life. Isotonic glucose and glycerol solutions have only a very slight life-prolonging effect. One may conclude from these studies that diuresis is one of the important factors determining the duration of life. When the loss of water by diuresis is compensated for by an additional intake, life is prolonged, and if not, life is shortened. There is some indication that the loss of sodium is more specific than can be accounted for as a result of a possible acidosis.
It is believed that all the manifestations of suprarenalectomy thus far observed are the individual details of a more fundamental and as yet unknown disturbance in nutrition in which the sympathetic nervous system is primarily concerned. 
